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The capacity for exercise as measured by the maximum oxygen uptake (aerobic capacity) reflects the integrated function of the oxygen transport system of the body including the lungs, heart, blood and active muscles. The dimensions are determined by the interaction of genetic constitution and environmental factors including nutrition and customary activity; the heterogeneity of these variables devalues the convention of equating physical fitness with aerobic capacity.
For healthy British subjects we have shown that the aerobic capacity may be described by linear regression equations based on functional dimensions including vital capacity, ventilation and cardiac frequency at an oxygen uptake of 1-5 I min I and the width of the muscle mass of the thighs. The equations may be extended by additional terms including ventilatory capacity, the gas transfer factor for the lung and total body hlmoglobin. This application of physiological anthropometry provides a means for analysing the contributions to exercise capacity of body size, ethnic group and the effects of both different environments and suspected disorders of the oxygen transport systemi. 
Factors Predisposing to Ischaemic Heart Disease
Current work on factors predisposing to ischxmic heart disease is being mainly concentrated on efforts to predict which men will develop the disease during middle age; this paper deals not only with the role of physical activity and physical fitness, but also with the many other factors involved.
The prediction of ischxmic heart disease has had to be approached -epidemiologicallyby incidence studies of the condition. In these studies, defined populations are initially examined, and those with the disease (the 'prevalence' cases) are excluded from the follow-up stage. Those initially free of the disease are re-examined after a period, and new, or 'incidence' cases, are identified. It is then possible to describe those who have, or have not, developed the disease in terms of the variables measured at the initial examination.
Early pathological work had clearly demonstrated the key position of cholesterol and other lipids in the development of atheroma, so that when the first prevalence and incidence studies of ischkmic heart disease were begun in the late 1940s it was natural that serum lipid estimations should be undertaken.
That those with hypertension develop ischemic heart disease more often than normotensive subjects has been an accepted clinical observation for many years, so that much attention has been paid to blood pressure in all predictive studies of ischemic heart disease. In addition, these studies have included many other factors whose ttiological significance was, at least early on, really unknown, though strongly hinted at by clinical experiencefor example, physical activity of occupation, obesity, personality, and cigarette smoking. Each of these factors has now been studied separately and in conjunction with others, and we can speak much more confidently about the relative importance of all of them. The most significant general principle to emerge from these studies was that ischmmic heart disease is a disease of many causesobvious now, not so obvious twenty years agoand difficult problems of measurement and analysis have stemmed from this.
Observer Variability
First the question of observer variability must be mentioned briefly.
Many factors have to be measured; the low incidence (statistically speaking) of the diseaseabout 1-5 % p.a. in a middle-aged male group in this countrymeans that large numbers have to be included in prospective studies in order to obtain meaningful results. Inevitably, therefore, many observers have to measure the same thingblood pressure, for examplewithin one study. In fact, the diagnosis of angina pectoris, the interpretation of electrocardiograms and the recording of blood pressure have all been shown to be subject to interobserver variability of an order which makes it essential to standardize the procedure used (Meade & Gardner 1968) .
Single Factors
With observer variability in mind, we can now consider one factor on its own.
We can now say that men with high serum cholesterol levels are more likely to develop ischkmic heart disease than those with low levels, as Fig I shows . In fact, many variables have now been identified which, singly, appear to predict the development of ischemic heart diseaseraised serum cholesterol, raised blood pressure, cigarette smoking, physical inactivity of occupation, obesity, diminished glucose tolerance, ambitious and driving personality and adverse family history (these topics are reviewed by Epstein 1965 and Morris 1967) . In addition, a Table 1 Ten-year incidence ratios 0 for ischamic heart disease: Men aged 30-62 at first examination From combined Albany and Framingham data. For details see Doyle et al. (1964) (Kannel etal. 1967 ). However, consideration of variables one at a time makes it difficult to be sure how much the apparent importance of one is really due to its association with another (or others) -raised serum cholesterol and obesity are obvious examples.
Two Factors
It is possible to handle, and to make some interpretations about, two factors at a time. Table 1 shows that both blood pressure and cigarette smoking seem to be involved in the development of ischemic heart disease. Those with systolic blood pressure of 130 mmHg and over have higher incidence rates than those with lower pressures. Cigarette smokers have higher rates than non-smokersin each case, having the 'high risk' factor about doubles the incidence. But the cigarette-smoking men with blood pressures over 130 mmHg have about four times the rate of the Morris et al. (1966) by kind permission. Each rectangle represents a quarter of the men, classified by plasma cholesterol at first examination. Each dot represents one new case arising during the five-yearfollow-up period non-smoking, normotensive men. These findings strongly suggest that smoking and elevated blood pressure both predispose to ischemic heart disease, independently of each otherthough a two-factor analysis like this does not make allowances for the association of raised blood pressure anid cigarette smoking with other variables.
Allltiplc Factors
The handling of three factorsor nine as in some studies (Morris et al. 1966 )-becomes very complex, and raises two main issues: (l) Which factors influence ischTmic heart disease incidence independently of their association with other factors, and (2) which of these factors, when identified, are the most importanti.e. which appear to differentiate most successfully between those who later develop the disease, and those who do not. The Framingham study (Truett et al. 1967 ) and the study of London busmen (Morris et al. 1966) analysis to deal simultaneously with a number of variables, the former study using seven, and the latter nine. Discriminant function analysis, in the context of the prediction of ischemic heart disease, gives weights to the variables under consideration in such a way that the higher the weight for a particular variable, the greater the contribution that variable makes to the prediction of ischemic heart disease independently of its possible association with the other variables measured. Table 2 shows the variables considered in the two studies. Six are common to both; the two studies agree in identifying raised serum cholesterol and blood pressure levels as important discriminants, and in the busmen, for example, these two factors were much the more important.
In the Framingham study cigarette smoking had a high weighting; it was rather less in the busmen though this may have been due to small numbers of new cases. One of the most interesting differences between the two studies concerns age, which in the Framingham study was important independently of its association with other factors, while in the busmen it appeared to be explicable in terms of other variablesprobably raised blood pressure. Ho\\cver, thc averaage age of the busmen was 55 years, while in the Framingham study it was 44; so it mnay be that age of itself is a significant factor in the developmiient of the disease up to 45 or 50 years, but not so muLch thereafter. Clearly, the use of sophisticated analytical techniques does not exclude the need for further careful thought about interpreting the results they produce, and, where indicated. collecting further data. In the busmen, occupation, anid thuLs probably the differences in physical activity between drivers and conductors, mnade a smaller contribution to the discriminant function thani raised blood pressure and cholesterol, thougl, again. small numbers are probably partially the explanation. It remains true that conductors have sitgnificantly less ischTmic heart disease thani drivers (Morris et al. 1953 . Morris er al. 1966 ) --a possible explanation for this finding from the discriminant function analysis is thiat the verv important effect of physical activity ot occupation is mediated through other variables maeasured probably raised serum clholesterol a tnd blood pressure.
Obesity, as measured by supra-iliac skinfold thickness, also contributed very little to prediction for the busmen, and here again it is likely that the apparent importance of obesity, v hen conisidered on its own, is really to be explained by its association with something else --probably high serum cholesterol.
Statistical techniques such as discriminant function analysis are going to be increasingly used in the study of chronic non-comminILullicable disease of multiple xtiology, and it is encouraging that the two studies of ischxmic heart disease discussed have produced broadly similar results. But although there is much to be said for multifactor studies, we must avoid the temptation simply to 'throw variables into the hopper' and see what comes out. A series of weights from a discriminant function analysis tells us nothing about the pathogenesis or natural history of the diseasethis is a further complex issuLe cUrrentlv receiving much attention.
